study question: Does maternal socioeconomic status (SES) confound or modify the association between IVF and perinatal outcome among singleton births? summary answer: There were substantial socioeconomic differences in the frequency of IVF pregnancies, but maternal SES was not associated with the outcome of IVF pregnancies.
Introduction
IVF and other forms of assisted reproductive technology (ART) provide opportunities for increasing proportions of couples to achieve a pregnancy. For example, in Finland nowadays circa 3.6% of all infants, including those from multiple pregnancies, are conceived by ART (http://www.thl.fi), while ART accounts for 1.4% of all infants in the USA (Sunderam et al., 2012) . Compared with spontaneous singleton pregnancies, both singleton and multiple IVF pregnancies are associated with poorer perinatal outcomes (McDonald et al., 2009 (McDonald et al., , 2010 Grady et al., 2012) . Singleton IVF pregnancies are associated with increased risks of preterm birth (,37 gestational weeks) (McDonald et al., 2009; Grady et al., 2012; Pandey et al., 2012) , low birthweight (LBW, ,2500 g) (McDonald et al., 2009; Grady et al., 2012; Pandey et al., 2012) and small for gestational age (SGA) (Jackson et al., 2004; Pandey et al., 2012) , and increased need for intensive care (Jackson et al., 2004) , perinatal mortality (Jackson et al., 2004; Pandey et al., 2012) , major congenital anomalies (Hansen et al., 2012; Pandey et al., 2012; Pinborg et al., 2013) , pre-eclampsia (Jackson et al., 2004) , placenta previa (Jackson et al., 2004; Grady et al., 2012) and gestational diabetes (Jackson et al., 2004; Grady et al., 2012) . The etiology of these associations is not fully known , but it has been suggested that the majority of the burden is attributable to multiple pregnancies (Wright et al., 2007) , although the IVF techniques used may also affect perinatal morbidity among singleton births. For example, fresh embryo transfer has been shown to be associated with higher perinatal morbidity compared with frozen-thawed embryo transfer (Kansal Kalra et al., 2011) and transfer of blastocyst-stage embryos has been associated with higher morbidity than transfer of cleavage-stage embryos (Kallen et al., 2010) . Further, it has been suggested that a prolonged time to pregnancy is associated with a greater risk of perinatal morbidity (Raatikainen et al., 2010) . However, a factor that has been less investigated in previously published studies is the parents' socioeconomic status (SES) factor, as women in lower SES strata also have increased risks of LBW, SGA and preterm birth (Blumenshine et al., 2010) , but tend to use IVF services less frequently than women in higher SES strata (Wilcox and Mosher, 1993; Klemetti et al., 2007) .
The aim of the present study was to evaluate whether SES confounds or modifies the association between IVF and perinatal outcomes among all singleton births in Finland during 2006 -2010. SES is often defined in terms of education, occupation, income, family background, early-life experiences, health behavior, and place of residence and neighborhood (Blumenshine et al., 2010) . We lacked such comprehensive data for our study population and so our analysis was based solely on the mother's occupation at the time of birth.
Materials and Methods

Data and population
The Finnish Medical Birth Register (MBR), maintained by the National Institute for Health and Welfare (THL), contains information related to all births recorded in Finland since 1987, including maternal occupation, delivery characteristics, obstetric procedures and outcomes for all live births and stillborns delivered after the 22nd gestational week or weighing 500 g or more during the first post-natal week. The data used in this study included the MBR records for singleton births (n ¼ 291 004) in Finland from 2006 to 2010. Multiple pregnancies were excluded since they carry a higher risk of complications .
Ethical approval
Permission to use the data for this study was given by the THL (reference number 1749/5.05.00/2011) and the data protection authority was consulted before the permission was granted, as required by Finnish data protection legislation. Informed consent of registered individuals was not needed since the data were anonymized and none of the women included were contacted.
Variables and definitions
The MBR data for IVF included ICSI and frozen embryo transfers (FETs), but the different techniques could not be separately analyzed in the database. We used information on maternal occupation at birth as an indicator of individual SES. We grouped SES into five categories: upper white-collar workers, lower white-collar workers, blue-collar workers, others and missing information, as described in detail elsewhere (Gissler et al., 2009) . Others, 24.7% (n ¼ 71 713) of all cases, included entrepreneurs, students, retired or unemployed women, housewives or unclassifiable cases, while the missing SES information class accounted for 21.9% (n ¼ 63 554) of all cases. Maternal smoking during pregnancy was based on self-report and was recorded as nonsmoking, quit smoking during the first trimester or continued smoking after the first trimester. The number of cigarettes smoked per day was not recorded in the MBR. Preterm birth and term birth were defined as ,37 and ≥37 weeks' gestation, respectively, based on the best clinical estimate at birth. Parity was re-coded as either nulliparous or multiparous based on the number of prior births. Infant weight was considered SGA when the sex-and parity-specific birthweight was .2 standard deviations (SDs) below the mean weight for gestational age (unpublished MBR data) and birthweight was considered LBW for infants weighing ,2500 g. Apgar scores at 1 and 5 min were considered to be low if ≤6 and fetal venous pH was considered to be low at birth if ,7.15. Maternal pre-pregnancy body mass index (BMI) was calculated by dividing body weight in kilograms by squared height in meters (kg/m 2 ). Maternal anemia was defined as hemoglobin levels below 6.2 mmol/l. Marital status was assessed dichotomously and recorded as married/cohabiting or single.
Information on major congenital anomalies (yes/no) until 1 year of age was gathered from the Congenital Malformations Register, which is linked with the MBR, using the women's encrypted unique personal identification numbers. The Congenital Malformations Register includes data on major congenital anomalies since 1963.
Statistical analyses
Bivariable analyses were performed to separately evaluate differences between singleton births after IVF and non-IVF pregnancies for each SES group using the x 2 test for dichotomous or categorical variables, and the Student's t-test or Mann-Whitney U-test for continuous variables, as IVF includes intracytoplasmic sperm injection (ICSI) and frozen embryo transfer (FET). SD, standard deviation. *P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001 (using x 2 and Mann -Whitney U-tests).
appropriate. Multivariable logistic regression analyses were performed to model the association between IVF and adverse perinatal outcome (admission to a neonatal unit, stillbirth, preterm birth, LBW, SGA, low Apgar score at 5 min, fetal venous pH ,7.15 or major congenital anomaly), Cesarean section (CS) or placenta previa. Possible risk factors were selected based on bivariable analyses and clinical importance. If a woman was affected by several adverse perinatal outcomes, each one was considered an independent outcome and the pregnancy was included in all categories. To avoid the bias due to the same adverse pregnancies being counted in several adverse outcome categories, we also performed a pooled analysis where women with at least one adverse outcome were compared with those with uncomplicated pregnancies. Differences were deemed to be statistically significant if P , 0.05. 95% confidence intervals (CI) were also calculated. Finally, to study whether SES confounds or modifies the association between IVF and pregnancy outcomes, we performed logistic regression analyses with and without SES. In the final models, an interaction term (SES*IVF) was not included since there were not significant associations between any SES groups and perinatal outcomes. Evidence of confounding would be a meaningful change (e.g. 10% or greater) in the IVF-pregnancy outcome odds ratio (OR) between models with and without control for SES. To avoid possible bias arising from missing, SES information sensitivity analyses were performed where all missing observations were assigned to occupations category values one by one to assess the robustness of results under the extreme situation of complete concentration of missingness in specific categories. The data were analyzed using SPSS for Windows 19.0, Chicago, IL, USA.
Results
In 200622010, 1.9% (5647 of 291 004) of all singleton pregnancies were achieved by IVF, but the proportion varied substantially among SES groups, ranging from 1.2% (annual range 0.921.5%) among blue-collar workers to 3.2% (annual range 2.824.2%) among upper white-collar workers. Furthermore, 85% of all women giving birth after IVF belonged to the two highest SES groups. Irrespective of the SES group, women who gave birth after IVF were older, and more often nulliparous and nonsmoking than the reference population (Table I) . Women with missing information on SES had demographics and clinical characteristics similar to those of the general population. Women delivering an IVFconceived baby had significantly more reproductive risk factors such as anemia, placenta previa, pre-eclampsia and placental abruption. They also underwent more obstetric interventions such as induction, chorionic villus biopsy and amniocentesis (Table II) . Across all SES groups, women with IVF pregnancies gave birth to infants with lower birthweight and were delivered by CS statistically significantly more often than the reference population (Table I ). The incidences of adverse perinatal outcomes were grouped by SES and IVF status (Table III) . A multivariable analysis on perinatal outcomes was performed separately for each outcome, controlling for important risk factors with and without SES (Table IV) . Compared with non-IVF pregnancies, IVF pregnancies were statistically significantly associated with higher incidences of admission to a neonatal unit, stillbirth, preterm birth, LBW, Low Apgar scores, CS, placenta previa and major congenital anomaly, respectively. No association was found between IVF and low fetal venous pH, and IVF was associated with a 15% lower (OR 0.85, 95% CI 0.74 -0.97) incidence of SGA. In the final model, all adverse outcomes were pooled (women were included if their pregnancies were complicated by at least one adverse outcome) and it appeared that IVF-conceived pregnancies were associated with a 1.47-fold (95% CI 1.36 -1.59) risk of adverse perinatal outcomes compared with non-IVF pregnancies. Comparing the adjusted ORs for each adverse outcome in IVF pregnancies with and without controlling for SES, it appeared that adjustment for SES did not have a significant contribution to perinatal outcomes. Further, interactions between IVF and SES for adverse perinatal outcomes were non-significant in each SES group. Sensitivity analyses assigning observations with missing SES to each category in turn did not meaningfully alter our findings (results not shown).
Discussion
Statement of principal findings
In 200622010, 1.9% of singleton infants in Finland were born after IVF treatment. We identified a social disparity in the prevalence of IVF births since the corresponding proportions were 3.2 and 2.0% for upper and lower white-collar workers and 1.2% for blue-collar workers. Across SES groups, women who gave birth after IVF were statistically significantly older, more likely to be nulliparous and non-smoking than those who conceived spontaneously. Singleton IVF pregnancies were associated with increased risks for several adverse perinatal outcomes, such as admission to a neonatal unit, stillbirth, preterm birth, LBW, low Apgar scores, CS, placenta previa and major congenital anomaly. SES did not affect the adverse perinatal outcomes associated with IVF. In summary, IVF pregnancies were most common among the highest SES group, but SES did not confound or modify the association between IVF and perinatal outcomes in multivariable modeling. The magnitude of risks associated with IVF technique itself may be more significant than previously thought.
Strengths and weaknesses of the study
The strength of this study is that the data source was the MBR, a mandatory national database that covers the entire Finnish population and thus offered comprehensive insights into the risks associated with births after IVF. The coverage and validity of the data have been shown to be excellent Gissler and Shelley, 2002) checks all the information submitted to the MBR. The coverage of information on births after IVF was checked by using Assisted Fertility Treatment (ART) Statistics that includes information on number of patients starting ART and the number of births after ART (http://www.thl.fi/en_US/ web/en/statistics/topics/reproductive_health/assisted_fertility_treat ments). Only the most recent years showing a high coverage of IVF were reviewed. The missing information of ,0.1% of infants is complemented from the Population Register Centre and Statistics Finland. Furthermore, the MBR includes information about numerous exposures such as socioeconomic factors that are less frequently considered to be associated with IVF. A possible limitation was that infertility involves both male or female partners, but our definition of SES was based on only the maternal occupation at the time of birth, although it is related to education and income in our country, and is an appropriate available indicator for studies on socioeconomic health differences in the perinatal period (Gissler et al., 2003; Mortensen et al., 2010) . Further, the 25% of women allocated to the unclassified SES group might include a larger proportion of younger women who may be more likely to be studying or taking care of their children at home than older women. Information was also missing for a considerable number of cases (22%) and it might be argued that this biased our results. However, sensitivity analyses in which we assumed the extreme situation of all observations with missing SES values arising from one occupational group did not affect our results. This provides some evidence that missing data on SES are not associated with the exposure-outcome association of interest. Information on SES was self-reported and optional and due to confidential reasons and the sensitive nature of the information, an increasing number of women did not provide that information.
Another possible limitation was that repeated pregnancies and prior history of adverse outcomes might have biased our result so that the risk of adverse outcomes associated with IVF may have been overestimated. However, we do not believe that this is a major source of bias in terms of the main study question (the effect of SES among IVF pregnancies), since the proportion of nulliparous women was two-thirds of all pregnancies in the IVF group and did not vary by SES. Secondly, the policy in the public sector was to recommend ART mainly to couples who had no common child. Thirdly, IVF and non-IVF pregnancies were registered in an identical manner and a similar bias, if any, would have balanced the differences in obstetric history between IVF and non-IVF pregnancies. Fourthly, the adverse outcomes were in line with previous reports (Pandey et al., 2012) .
Meaning and implications of the study
Discussion about equity in health care has generally focused on access to health services and outcomes grouped by sex, age, place of residence or SES (Barros et al., 2012) . Using the most recent data gathered from a national, population-based register, we identified a socioeconomic disparity in the prevalence of IVF pregnancies since the birth rate following IVF was up to 2.7-fold higher among upper white-collar workers than among blue-collar workers. A prior study also identified socioeconomic differences in the use of IVF treatments in 199621998 in Finland (Klemetti et al., 2004) . It might thus be argued that women with low SES either are less frequently affected by fertility problems, enter the ART services less frequently, drop out of treatment more often or have a lower IVF success rate. A recent, large cohort study covering 1.8 million women from the UK found that the overall occurrence of infertility does not vary by SES (Dhalwani et al., 2013) . The lower prevalence of IVF pregnancies in low SES groups in our study population could also be explained by economic barriers of access to IVF. However, this does not seem likely as IVF services are provided by public services in Finland and private services can also be partially covered in Finland by Women were included if they had at least one of the birth or perinatal complications.
Perinatal outcome after IVF and socioeconomic status the Social Insurance Institution for women younger than 40 years of age and affected by infertility for medical reasons. The treatments included in this study have been provided both by the public health care and private clinics, but the costs are significantly higher in private clinics and not fully reimbursed by public funds. Our findings of associations of births after IVF pregnancies with adverse perinatal outcomes confirm results of recent reviews and meta-analyses (Jackson et al., 2004; McDonald et al., 2009; Grady et al., 2012; Pandey et al., 2012) , since associations between increased admission to a neonatal unit, stillbirth, preterm birth, LBW, CS, placenta previa and major congenital anomalies have been well established in previous studies. However, we found no association between IVF and SGA. This might be explained by the fact that SGA was defined as a birthweight .2 SDs below the mean weight for the sex-and parity-specific gestational age, which selected the cases more strictly than the more frequently used 10th percentile (WHO, 1995) . A novel finding of the present study was that SES did not confound the association of IVF pregnancies and birth outcomes, suggesting that other risks related to IVF were more important than SES. Since the variation of perinatal outcomes by SES is well known, it might be speculated that women who underwent IVF represented a distinct subset within each socioeconomic group. Future studies focusing on the SES of both partners and including more SES categories may provide such information. The fact that perinatal outcomes after IVF were unaffected by SES probably reflects that the magnitude of the risks associated with IVF pregnancies alone is more significant than previously expected, implying an increased need for pregnancy surveillance in IVF pregnancies.
Unanswered questions and future research
Further studies are needed to assess whether social disparity across or within SES groups is associated with barriers to IVF access in a health-care system where most treatments are at least partly publicly funded.
